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as an index of SR Ca release. Ca concentration was also recorded using fura-2 
AM. With a slow Ca buffer (EGTA 2 mM), ICa inactivated slowly: the time 
to reach 37% of peak current (T37) was 27.1±1.8 ms (n=37). With a fast Ca 
buffer (BAPTA 10 mM), ICa decay was similar to the decay in the presence 
of EGTA (T37: 30.3±2.4 ms, n=20). In contrast, during E-adrenergic (E-A) 
stimulation, inactivation of ICa in the presence of EGTA (T37: 11.6±1.7 ms, 
n =18) was signi¿ cantly faster than in presence of BAPTA (T37: 27.3±1.6 ms, 
n=12), indicating the presence of SR Ca release. [Ca] during electrical ¿ eld 
stimulation was signi¿ cantly larger during E-A stimulation compare to control 
condition (F340/380= 0.026±0.005 RU vs 0.046±0.010 RU, n=10 and 10 res-
pectively). Caffeine-induced transients (an index of SR Ca load) indicate that 
a small, but signi¿ cant, increase in [Ca] in the cytoplasm was present after 
E-A stimulation (F340/380= 0.080±0.022 RU control vs 0.112±0.028 RU E-A 
stimulation, n=10 and 10 respectively). We conclude that at rest, cells with 
little SR structure and no t-tubules do not using Ca stored in the SR. However, 
during a stress Ca from the SR plays an important role in cardiac contraction.
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Carnitine, a molecule brought mainly by diet, is essential in the fatty acid 
(FA) catabolism. Association of FA with carnitine forms intermediate metabo-
lites, acyl-carnitine (AC), necessary to the mitochondrial oxidative metabo-
lism. First described in 1973 by Engel and Angelini, a disturbance of serum 
carnitine and AC are implicated in the progression of cardiomyopathy. While 
some perturbations of the metabolism can account for the development of 
the disease, the precise mechanisms involved are not fully understood. We 
thus decided to study the effects of carnitine and conjugated AC on intracel-
lular calcium homeostasis. We investigated, using a confocal microscope, the 
effects of different concentrations of palmitoyl-L-carnitine (PC) on calcium 
signaling. Ca2+ transients were measured on freshly isolated cardiomyocytes 
from C57BL/6 mice incubated in presence of different PC concentrations (0, 3, 
10 and 30M). Under ¿ eld stimulation, we ¿ rst measured the dynamic varia-
tions of cytosolic calcium (Ca2+ transients) at 1Hz, using the calcium dye 
Fluo-4-AM. Then, we recorded the activity of ryanodine receptor by measu-
ring spontaneous Ca2+ release from the sarcoplasmic reticulum (Ca2+ sparks). 
We observed that there is a dose-dependent reduction of the calcium tran-
sient associated with modi¿ cations of the kinetics. The speeds of release and 
relaxation were slowed down. At the molecular level, Ca2+ sparks frequency 
dose-dependently increased. These results suggest thus that AC regulate intra-
cellular calcium homeostasis. This regulation can be involved in the cardio-
myopathy associated with perturbance of carnitine homeostasis either directly 
and/or consequently to the modulation of the excitation-contraction coupling.
Ref:. Engel AG, Angelini C. Carnitine de¿ ciency of human skeletal muscle 
with associated lipid storage myopathy: a new syndrome. Science. 1973 Mar 
2;179(76):899-902
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Contribution of TRPC/Cav1.2 complex to electromechanical activity of 
the developing heart
Jessica Sabourin [Orateur], Elodie Robin, Eric Raddatz
Département de Physiologie, Lausanne, Suisse
It is generally accepted that the spontaneous activity of the heart is 
controlled by a series of voltage-dependent ion channels. The aim of this study 
was to investigate the possible role of the voltage-independent cationic TRPC 
(Transient Receptor Potential Canonical) channels in spontaneously beating 
hearts obtained from 4-day-old chick embryos. Using RT-PCR, western blot 
and co-immunoprecipitation, we showed that TRPC1, 3, 4, 5, 6 and 7 are 
expressed at transcript and protein levels and that they can form a stable 
and functional macromolecular complex with L-type voltage-gated Calcium 
Channels (LCC) in atria and ventricle of the embryonic heart. Using in vitro 
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The electrophysiological remodelling that affects the failing right ventricle 
(RV) remains relatively understudied. Electrical alternans (ALT) is a reco-
gnised risk factor for sudden cardiac death in patients with heart failure (HF). 
Here we have investigated the possible occurence of electrical ALT in a rat 
model of pulmonary hypertension and RV failure.
Wistar rats were injected intraperitoneally with monocrotaline (60 mg/
kg) to induce pulmonary hypertension and RV failure within 4 weeks (MCT) 
and compared to age-matched saline-injected animals (CON). ECGs were 
monitored in unrestrained rats by radiotelemetry. Animals were sacri¿ ced 
upon showing clinical symptoms of HF. RV electrical activity was optically 
recorded in Langendorff-perfused hearts loaded with the voltage-sensitive dye 
di-4-Anepps. RV myocytes were enzymatically isolated, loaded with Fura-4F 
and ¿ eld-stimulated to monitor cytosolic Ca2+ transients.
In vivo ECG recordings performed in MCT rats showed a prolonged QT 
interval (n=4-5, P<0.05). Moreover, there was a trend to a signi¿ cant diffe-
rence in the incidence of T-wave amplitude ALT between MCT and CON 
rats (P=0.067). Optical action potential duration (APD) was signi¿ cantly pro-
longed in the RV of MCT hearts (APD80 at 5Hz, CON 52.3±2.8 ms vs. MCT 
89.0±4.8 ms) and a greater APD dispersion was observed within the MCT RVs 
(n=5-6, P<0.001). When electrically stimulated above 10Hz, most MCT hearts 
exhibited APD ALT but CON hearts did not (P<0.05). Ca2+ transient ALT 
was observed in MCT RV myocytes paced at 9Hz but not in CON  (n=10-
11, P<0.001) and seems likely to result from a slowed sarcoplasmic reticulum 
Ca2+ uptake (P<0.05).
We have previously reported steeper APD and conduction velocity restitu-
tion curves, together with Ca2+ handling abnormalities in the RV of MCT rats, 
these may underlie the electrical ALT observed in vivo. Electrical ALT in the 
presence of a marked APD heterogeneity put MCT rats at a high risk of deve-
loping re-entrant arrhythmias.
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Calcium stored in the sarcoplasmic reticulum acts as a safety mecha-
nism in myocytes lacking T-tubules
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Cardiac contraction is mediated by a transient increase in Ca inside the 
cytoplasm. In adult mammalian cardiomyocytes most of the Ca for cardiac 
contraction is from the calcium stored in the sarcoplasmic reticulum (SR). 
In embryonic and neonatal (EN) mammalian cardiomyocytes, the SR is less 
developed and there are no t-tubules; the relative contribution of Ca coming 
from the extracellular space vs SR is not clear. This study addresses this point 
by using ventricular myocytes from ¿ sh which are similar in cardiac struc-
ture and function to EN mammalians cardiac cells. Trout ventricular myocytes 
were enzymatically isolated. Ca current (ICa) was recorded using the patch 
clamp technique. Using different calcium buffers, inactivation of ICa was used 
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Methods: Endocavitary stimulation at 150/min was applied on 20 female 
pigs to generate a permanent pacing without heart failure. Two groups were 
stimulated without asynchronism in the right atria, during 10 days (sRAp), 
control group, or 21 days (pRAp). Two groups were stimulated with dyssyn-
chrony in right ventricle during 10 days (sRVp), or 21 days (pRVp). For each 
pig, we studied on 4 regions (basal lateral and apical walls, on epicardium and 
endocardium), calcium handling proteins (sarcoendoplasmic reticulum calcium 
ATPase (SERCA2a), ryanodine receptor (RyR2), phospholamban (PLB), cal-
sequestrine (CSQ), sodium-calcium exchanger (NCX) by western blotting and 
RT-PCR (quantitative real time). We studied the sarcoplasmic reticulum func-
tion by studying the calcium up-take.
Results: Pacing mode did not modify the proteins expression of SERCA2a, 
RyR2, PLB, CSQ, NCX. Calcium uptake was not altered by pRVp. We found 
a signi¿ cant decrease of messenger RNA (mRNA) of RyR2 in pRAp, sRVp 
and pRVp comparatively to sRAp; mRNA of SERCA2a, PLB and CSQ was 
increased in the pRAp and sRVp; mRNA of NCX was not changed.
Conclusion: The adaptation mechanisms to dyssynchrony are time depen-
dent. Heart dyssynchrony was not associated with alteration of calcium han-
dling proteins but their mRNA expressions can be changed for some type of 
pacing. Modi¿ cations of SERCA2a, PLB, CSQ mRNA were transient and 
occurred earlier with dyssynchrony. 
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Differential regulation of voltage-gated K+ currents depending on 
mouse strain, after myocardial infarction
Santiago Zalvidea [Orateur], Franck Aimond, Cécile Cassan, Sylvain 
Richard
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The genetic background is a recognized factor in determining disease pro-
gression and response to therapy. However, it is rarely considered in pathophy-
siological studies where it could inÀ uence the normal behavior and adaptive 
responses. In this study, we evaluated the inÀ uence of genetic background on 
electrophysiological properties of single cardiomyocytes from mice left ven-
tricle (LV) after myocardial infarction (MI).
MI was induced in 8 weeks-old male Swiss and C57BL6/J (C57) mouse 
strains. Four weeks after MI, Swiss mice (Swiss-MI) had decreased fractional 
shortening (FS, about 80%), increased cavity dilation, and decreased cardiac 
output and mitral À ow as assessed by echocardiography on awake mice. 
Interestingly, C57-MI mice had lower mortality rate and FS  decrease (70%) 
and both cardiac output and mitral À ow were unaffected when compared to 
Swiss-MI mice. Cellular membrane capacitance measurements revealed cel-
lular hypertrophy in both Swiss-MI and C57-MI. At the electrophysiological 
level, LV cardiomyocytes from Swiss-MI mice exhibited resting membrane 
potential depolarization and delayed action potential repolarization (APD90) 
when compared to sham cells. In C57-MI cells, early repolarization (APD20 
to 90) was also prolonged when compared to that of C57-Sham. A detailed 
analysis revealed a signi¿ cant decrease in the inward-rectifying K (IK1) current 
density in Swiss-MI, compared to Swiss-sham cells but no difference in other 
voltage gated outward K currents (Ito,f, IK,slow, ISS). Interestingly, IK1 was not 
altered in C57-MI cells (vs. Sham cells) whereas both Ito,f and IK,slow were 
signi¿ cantly decreased. 
These results demonstrate strain-speci¿ c pathophysiological differences in 
cardiac function after MI, with remarkable differences in the remodeling of 
cardiomyocytes electrophysiological properties. This should be considered in 
studies involving transgenic technology and it may be relevant in individua-
lized therapies.
electrocardiogram and mechanogram, we also found that inhibition of TRPC 
channels by SKF-96365, a non-speci¿ c inhibitor, leads to negative chrono-, 
dromo- and inotropic effects, prolonged QT interval and provoked ¿ rst and 
second degree atrio-ventricular (AV) block. Pyr3, a novel and speci¿ c antago-
nist of TRPC3 affected essentially atrio-ventricular conduction. On the other 
hand, speci¿ c blockade of LCC with nifedipine rapidly stopped ventricular 
contractile activity without affecting ECG. These ¿ ndings show for the ¿ rst 
time that TRPC channels play a key role in regulation of cardiac pacemaking, 
conduction and contractility during early cardiogenesis.
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Cardiac ¿ broblasts play a major role in myocardium physiology by contri-
buting to the synthesis of extracellular matrix components, cytokines and 
growth factors. Numerous studies have shown that cardiac ¿ broblasts can 
differentiate into myo¿ broblasts in response to a pathological stress. In our 
laboratory, we observed that SUR2/Kir6.1 potassium channel was expressed 
during the differentiation process and was involved in the excitation/secre-
tion/proliferation couplings (Benamer et al., 2009). To characterize further 
electrophysiological changes associated with ¿ broblast differentiation, we 
investigated whether the activity of voltage-gated sodium channel may be 
recorded in primary human cultures. Indeed, this sodium ionic component 
has been recently reported in commercially available cultured ¿ broblasts (Li 
et al., 2009). Quantitative RT-PCR reveals the presence of mRNA transcripts 
encoding the Nav1.5 channel with a ¿ ve-fold increased expression level in 
myo¿ broblasts when compared to ¿ broblasts. Accordingly, electrophysio-
logical experiments show the functional expression of a rapid voltage-gated 
sodium current concomitantly with ¿ broblasts differentiation. Biophysical 
characterization of this current elicits a half maximal activation potential of 
-49.7±4.0 mV and a half maximal inactivation potential of -83.9 ±3.1 mV with 
Boltzman factors of -7.8±0.8 mV and 7.9±0.6 mV, respectively. Functional 
impact, physiological role and pharmacological modulation of this sodium 
conductance are under investigation.
Benamer et al., 2009, JMCC 46: 508-517 Li et al., 2009, PloS One 4: e7307
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Introduction: Ventricular dyssynchrony compromises global cardiac 
mechanical ef¿ ciency and induces changes in regional hypertrophy and 
blood À ow.
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